genital spinal anomalies.8-'4 The purpose of this paper is to report on a consecutive series of 49 children treated by IC since the policy was introduced with reference to the measurement of intravesical pressure/volume relationships and urethral closing pressures, the effect of pharmacological agents on the neuropathic bladder, urographic changes after 12 months' treatment, the management of bacteriuria, and the control of incontinence.
Intermittent catheterisation (IC), as a method of managing urinary retention and incontinence in patients with traumatic spinal cord lesions, was first advocated by Guttmann and Frankel.' The good results obtained with the technique were subsequently confirmed by others.2 More recently, encouraging reports have appeared on the use of IC in children with urinary incontinence due to congenital spinal anomalies.8-'4 The purpose of this paper is to report on a consecutive series of 49 children treated by IC since the policy was introduced with reference to the measurement of intravesical pressure/volume relationships and urethral closing pressures, the effect of pharmacological agents on the neuropathic bladder, urographic changes after 12 months' treatment, the management of bacteriuria, and the control of incontinence.
Patients
The spinal cord lesions which caused the incontinence were congenital (spina bifida) in 48 and traumatic in one.
Age and sex. There were 22 boys and 27 girls. The majority were aged between 5 and 16 years when treatment with IC was started. Some would undoubtedly have started treatment earlier had the method been available. Perhaps the best time to start treatment is just before the child starts school, although much depends on the willingness of the child and his parents to accept the method, and on the state of the child's upper urinary tract. The latter factor led to the decision to start treatment in one infant who had urinary retention, infection, upper urinary tract dilatation, and renal failure.
Paralysis. Twenty-seven children, of whom 15 were boys, had complete bilateral lower limb paralysis and had been confined to wheelchairs for most of their lives. These boys had hitherto used penile urinals but as they became older their obesity and spinal deformities increased to the point when their urinals were ineffective. Paralysis in the remaining children was less extensive so that they were able to walk, although most of them had orthopaedic appliances. 
Results
Control of incontinence. It was the relationship between intravesical and urethral closing pressures that was the important factor governing the success or failure of IC in controlling incontinence. Ideally, the urethral closing pressure had to be higher than the intravesical pressure at (depending on the child's size) minimal volumes of 100-150 ml (Fig. 1) . If it was not, catheterisation had to be performed at inconveniently frequent intervals to prevent urine leaking ouit of the bladder (Fig. 2) . Some children with low intravesical pressures were wet because urethral closing pressures were also low. The exact opposite was found in other children who had high, often fluctuating intravesical pressures but were dry because they also had high urethral closing pressures. In some cases reflux occurred to such a degree as substantially to reduce intravesical pressure. In fact the pressure being recorded was not so much intravesical pressure as pressure in the whole upper urinary tract (Fig. 3a and b (Fig. 4) . In one child having propantheline only it was found that the amplitude of the vesical contractions was reduced so that a Inn series of slow pressure waves occurred without a reduction in urethral closing pressure (Fig. 5) . Ten of 12 children having both imipramine and propantheline had flat, low pressure tracings (Fig. 6 ) whereas previously without the drugs strong bladder contractions had occurred. The remaining 2 children had high intravesical pressures but so also were their urethral closing pressures. In so far as it was possible to interpret these findings, it seemed that imipramine alone raised the urethral closing pressure and propantheline alone reduced but did not abolish vesical contractions. A combination of both drugs in most cases reduced vesical contractions while maintaining a satisfactory urethral closing pressure.
Discussion
In this series of 49 children with neuropathic urinary incontinence, IC successfully controlled day-time incontinence in 46 (93%) and improved night-time incontinence as well in 43 (87 %). However, only 19 (39%Y.) achieved this degree of control without the help of drugs. It is therefore, clear that manometric studies of the bladder and urethra are essential before recommending IC as a method of controlling neuropathic urinary incontinence. These studies enable an accurate prediction to be made on whether drugs will be necessary to achieve success. Disappointment and loss of motivation from what may initially appear to be failure of IC to control incontinence can on the basis of manometric findings be avoided either by starting the drugs at the same time as IC or at least by warning the child and his parents that they will almost certainly be necessary. Thirty (61 %) learnt to catheterise themselves without help and so became independent in so far as the management of their incontinence was concerned. The broadening of the horizons of their lives, particularly from the social and educational aspects, was most impressive. The technique of IC itself produced no complications and persistent bacteriuria was found to be of no significance in most of them: continuous antibacterial therapy was not required.
Particularly gratifying were the short-term results of IC on the state of the upper urinary tract. In the space of one year, only one child developed dilatation, for which an obvious mechanical reason was discovered, and the condition of 20 with pre-existing dilatation improved. The blood urea level in the 2 children with raised levels at the start of IC fell to 5.1 mmol/l (30.7 mg/100 ml) and 7.0 mmol/l (42.2 mg/100 ml). Renal function remained normal in all the other children.
These results confirm the findings of previous workers: intermittent catheterisation is the method of choice for controlling incontinence and upper urinary tract deterioration in children with neuropathic bladder. The majority of these children also eventually learn to control their faecal incontinence by a variety of methods so that it becomes possible for them to discard their bags, pads, nappies, and plastic pants and to wear normal clothing. Furthermore, the technique obviates the need for the expensive and time-consuming urinary diversion operations hitherto performed for neuropathic incontinence; nor need expensive urinary collecting appliances be provided.
Catheters were supplied by Downs Surgical Limited, Church Path, Mitcham, Surrey.
